To evaluate the effects of Ecballium elaterium (EE), Elaterium officinarum, in postoperative intraperitoneal adhesions in rats.
Introduction
Postoperative peritoneal adhesions (PPAs) are pathologic fibrotic bands formed between the omentum, intestinal loops, and abdominal wall or at any surface of the peritoneal cavity. PPAs lead to intestinal obstruction and atypical abdominal pain, intestinal and enterocutaneous fistula formation, difficulty in relaparotomy procedures, infertility in women, increased workloads during surgery, and increased costs in the health system [1] [2] [3] [4] . The likelihood of intra-abdominal adhesion development has been reported as 67-93% after all laparotomies and 3% of all laparotomies are due to PPAs 5, 6 .
In recent years, surgical techniques, mechanical barriers, and various agents have been proposed in order to overcome this severe problem 7 . The pulp of Ecballium elaterium (EE), a herbaceous plant from the Cucurbitaceae family, is traditionally used for the treatment of sinusitis in Anatolian folk medicine.
It also has well-known hydragogue cathartic, antitumor, antimicrobial, and anti-inflammatory effects 8, 9 . In this study, we planned to investigate the effects of EE in preventing PPA in an animal model.
Methods
The study was approved by the Animal Ethics
Committee of Dicle University School of Medicine. Thirty male Wistar albino rats weighing 250-300g were used. The rats were kept in cages under controlled conditions (temperature 20-22°C, relative humidity 60-80%, and on a 12-h light-dark cycle) with a balanced pellet diet and water. The rats were supplied by the animal house unit at Dicle University.
Plant materials
The ripe fruits of EE were picked in the Izmir forests 
Experimental groups
In this study, rats were analysed in three groups with 10 rats in each. Group 1 (sham group), underwent no procedures following confirmation of the absence of intraperitoneal adhesions.
Group 2 (control group), underwent abrasion of the antimesenteric border of the ceacum and the corresponding parietal peritoneum with dry sterile gauze until petechial bleeding foci were observed.
Group 3 (EE group), underwent abrasion of the antimesenteric border of the ceacum and the corresponding parietal peritoneum with dry sterile gauze until petechial bleeding foci were observed and was then treated with a 2.5 mg/kg dose of EE administered intraperitoneally. For all groups, the abdominal wall was closed following the respective treatments. On postoperative 15 day, the rat abdomens were opened again under anaesthesia through a U-shape incision. Following sampling for macromorphologic and histopathologic evaluation and tissue hydroxyproline levels, rats were euthanized by drawing blood via a cardiac puncture.
Assessment of adhesion
The severity of the adhesions in the macroscopic evaluation was graded according to the system employed by Nair et al.
10
. The ceacum and adherent abdominal wall were then sent for histopathologic evaluation and tissue hydroxyproline levels.
Histopathologic evaluation
Pathology specimens were fixed in plates containing 10% buffered formaldehyde and embedded into paraffin blocks;
5-µm thick sections were cut. Specimens were stained with hematoxylin-eosin and examined under light microscopy using a Nikon Eclipse 80i microscope. Histopathologic evaluation of the adhesions was performed by an investigator blinded to the study according to the method of Zuhlke et al. 11 (Table 1) .
When groups were compared microscopically according to the Zuhlke classification (Figure 2 ), significant differences were detected between the EE and sham groups and the control group (p<0.001 and p=0.000, respectively). When inter-group hydroxyproline levels were analysed, it was significantly lower in the EE and sham groups compared to the control group (sham group = 47.6 ± 10.6, EE group = 62.9 ± 9.7, control group = 84.2 ± 22.1, respectively) (group scores and differences between groups are shown in Table 1 
Determination of tissue hydroxyproline levels
One gram of specimen was hydrolysed in 1 mL of acidic buffer at 121°C for 5h and centrifuged at 5.000 rpm for 20 min. Absorbance of the formed material was evaluated at 560 nm at 121°C with a colorimetric (photometric) method and tissue hydroxyproline levels were calculated as mg/L/g/tissue.
Statistical analysis
Statistical analysis was performed using SPSS 15.0 software. The Kruskal-Wallis test was used to compare multiple independent samples. When a significant difference was detected, two independent samples were evaluated by a Mann-Whitney U-test for paired in-group comparison and Bonferroni correction was performed for in-group comparison. A p level of 0.0167 was accepted as significant.
Results
A total of 30 rats were operated. No wound dehiscence or incisional hernias were observed. A significant difference was detected between groups in terms of macroscopic and microscopic findings and tissue hydroxyproline levels as assessed by the Kruskal-Wallis method (p=0.001, p<0.001, p<0.001 respectively).
In in-group comparison with the Mann-Whitney U-test, a significant difference was detected between the EE and sham groups and the control group (p=0.001 and p=0.011, respectively) macroscopically (Figure 1) . Adhesions are a severe postoperative complication and may develop even years after a surgical procedure; they are a cause of significant morbidity that may result in multiple complications 13, 14 and incur significant economic effects due to loss of productivity, prolonged duration of hospital stay, and additional surgical procedures, besides the obvious harm on human health 15 . There is, as yet, no clear strategy for the prevention of adhesions 16 . However, several studies have focused on reducing inflammatory responses and blocking fibroblastic activity 17, 18 . Fibrinolysis seems to be a key factor in determining the pathogenesis of adhesion formation and in its prevention. Researchers have used many anti-inflammatory agents, including chemical and pharmacologic agents, as well as mechanical and physical barriers in order to prevent adhesion [18] [19] . However, despite positive reports, these methods are not used in standard practice. Tenoxicam has been shown to inhibit and prevent fibrin formation in a study of intra-abdominal adhesion using a rat model 18 .
EE is a herbaceous plant from the Cucurbitaceae family.
Pulps and ointments prepared from its roots are used against tumours, chronic skin wounds like eczema, and rheumatic pain.
Although it leads to uvula oedema when used nasally in high doses and without diluting, in Anatolia, the fresh pulp is commonly used against sinusitis by squeezing the fruit and sniffing it. In a clinical study, Yeşilada et al. 20 revealed that EE showed anti-inflammatory effects by reducing the production of chemotaxis factors such as TNF-α, IL-1, and IL-6. Uslu et al. 21 showed that it suppressing anti-inflammatory effects by inhibition of nitric oxide synthase activity. Therefore, we consider that EE prevented PPA formation through its anti-inflammatory effects. In our study, macroscopic and microscopic adhesion scores were significantly lower for the EE group compared to the control group. In addition, levels of hydroxyproline, a component of collagen, were high in the control group given that adhesions develop due to collagen accumulation.
Conclusions
The intraperitoneally administered Ecballium elaterium is not irritating for the intestines and that its adhesion-reducing properties are due to the abovementioned anti-inflammatory effect that it exerts. Ecballium elaterium may therefore be a suitable antiinflammatory agent for the prevention of postoperative peritoneal adhesion. However, preclinical and clinical studies are required in order to ascertain effective dose intervals and mechanisms of action, and to compare its effectiveness with other agents.
